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Using real-life contexts has a long-standing tradition and is considered as an important issue in
both current science education and educational psychology. Drawing on research in both areas,
as well as on practice reports from science classrooms, the present contribution deals with a
speciﬁc form of establishing such contexts, viz. context by newspaper story problems (NSP).
Using the particular form of science problems based on newspaper articles and the real-life
contexts provided by them, effects on both motivation and learning were studied.
In a quasi-experimental comparison of 6 physics classes of secondary level 1 (N=122; grade 10,
topic: energy) learning with newspaper based problems vs. conventional textbook problems
(same content, lesson plan and teacher) showed considerable positive effects. This holds for
general motivation, including several subscales (po0.01, ω2=0.52) as well as for achievement,
including transfer (po0.01, ω2=0.20). Moreover, these results show robustness towards to
various individual and classroom features (e.g. gender, non-verbal intelligence and school
type), and at least mid-term temporal stability. Newspaper story problems thus appear as a
useful element of context-based science teaching.
& 2014 The Authors. Published by Elsevier GmbH. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/)..06.001
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and story contexts
Several recent reviews point out that context-based
approaches and real-life connections are currently consid-
ered as a central issue in science education in general
(Fensham, 2009; Bennett et al., 2007) and in physicsopen access article under the CC BY-NC-ND license
J. Kuhn, A. Müller6education in particular (Taasoobshirazi and Carr, 2008;
Kuhn, 2005, 2010; Kuhn and Müller, 2005a, 2005b). In a
broad understanding of the term, context based science
education (CBSE) is deﬁned as “using concepts and process
skills in real-life contexts that are relevant to students
from diverse backgrounds” (Glynn and Koballa, 2005, p. 75).
Making (or trying to do so) science issues relevant to
students themselves, their families and their peers is
opposed to the wide-spread perception of especially physics
(or more generally: science) as being dry, impersonal and
irrelevant, and this is supposed to have positive effects
both on motivation and learning (Bennett et al., 2007). PISA
(OECD, 2006) follows a similar understanding of CBSE,
repeatedly emphasizing the importance of tasks and pro-
blems “that could be part of the actual experience or
practice of the participant in some real-world setting”, and
it “places most value on tasks that could be encountered
in a variety of real-world situations” (as can be seen also
from the very items used in the study). Moreover, PISA
points out the following feature of context-based learning:
problems encountered in real-world settings are usually not
stated in the disciplinary terms to be learned or applied.
Thus, a kind of “translation”, i.e. a terminological and
conceptual reframing is initiated, representing an important
step of cognitive activation. It has to be emphasized that even
such a basic understanding of “context” is far from being
trivial or educationally shallow, even though there is a
discussion around the idea of CBSE with positions going far
beyond that (see e.g. Gilbert et al., 2011). The present
contribution pursues this line of research and development
and aims at combining the general approach of CBSE with
a speciﬁc format of establishing contexts, viz. “stories as
context”. Beginning, embedding, and connecting teaching
content and sequences with an interesting story is a promising
way of relating it to contexts beyond school. A particular form
for this are newspaper story problems (NSP). These are
problems related to newspaper articles containing science
related issues, and which are (up to minor modiﬁcations)
unchanged in both text and layout (see Fig. 1a).Lausanne/ngn. Another great round-a-world adventure a la
Fossett’s solo flight last month. Now it seems the explorer Be
Piccard will attempt the world’s first solar powered around th
flight 
Piccard comes from a family of explorers and made history in
of 1999 with a nonstop, around-the-world flight in a hot-air b
the Breitling Orbiter 3. But what about the solar power side o
that really possible? Nearly the entire body of the plane will b
covered by 287 square yards (240 square metres) of solar pane
Piccard estimates that enough power can be generated to sust
flight of roughly 60 miles an hour (97 kilometres an hour). Th
plane’s batteries are going to have to be pretty heavy, capable
storing 200 watts per kilogram, so that the plane can run at ni
Gadling, 2005-04-13 
1. How long will Bertrand Piccard be on his way around the
2. How much electrical energy per kilogram and how much 
3. How much electrical energy per kilogram and how much 
solar panels, if Piccard will drive ca. 75% of the flight by 
4. How much electrical energy per kilogram has to be produ
5. Discuss your results critically, e.g. with respect to the ene
thereto.
Fig. 1 “Newspaper story problem” format (a) and traditional taskFrom a practical point of view, the double rationale
behind NSP is that (i) newspapers and newspaper articles
as such stand for out-of-school, real-life contexts per se and
(ii) journalists are supposed to be experts for writing
interesting, good stories (so it is good advice to draw on
this know-how). Good practice reports about successful
realizations and existing collections of examples of using
newspapers for mathematics and science literacy purposes
are available, both on the international and several national
levels (extensively in mathematics, see e.g. Herget and
Scholz, 1998; Paulos, 1995). The same is true to some
extent in biology (Gardner et al., 2009; Hoots, 1993; Jarman
and McClune, 2001) and in chemistry (Haupt, 2005; Glaser
and Carson, 2005; Toby, 1997) as well as in physics educa-
tion (Armbrust, 2001). Jarman and McClune (2007) give an
excellent introduction with many examples about the use of
newspapers in science education in general.
For a review on uses and purposes of science teaching
with newspapers see Jarman and McClune (2002). Having
CBSE in mind it is interesting to note that within their
sample (in Northern Ireland) “links with everyday life” were
by far those most frequently stated as main intention (76%)
and main beneﬁt (62%). From a theoretical point of view,
Norris and Phillips (2003) have convincingly argued that
literacy in the basic or fundamental sense (including news-
papers) is central to scientiﬁc literacy.
Moreover, the idea has a long-standing tradition for
general literacy purposes, from the “Use the News” series
in the Journal of Reading (Kossack, 1987) to the “News-
papers in Education (NIE)” programmes of several national
newspaper associations (KMK/BDZV, 2006; NAAF, 2007,
2010a, 2010b, 2011).
From the research point of view, Fensham (2009) empha-
sizes in the “implications for teaching” section of his review
the opportunities of a “context by story” approach to
science teaching, in particular for motivational/affective
aspects. As one important research ﬁnding among others, he
states that the unexpected gender neutrality found for
many countries in PISA 2000 “to have resulted, at least in Steve 
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rgy transformation process, and use physical arguments 
format (b). Questions are identical in both cases (lower part).
7Context-based science education by newspaper story problems: A study on motivation and learning effectspart, from a number of the presenting contexts being stories
that involved people and science” (Fensham, 2009).
Looking more closely, research has put forward several
theoretical and empirical arguments in favor of “context by
story”, “narrative contextualization” and similar approaches,
and explanations of its potential. These will be reviewed in
the following, both for motivation and cognition/learning.1According to current terminology, story or narrative schemata
belong to the class of script schemata (Salkind, 2008).Research background
Context by story
Motivation
Regarding motivation, an essential virtue of stories is the
psychological (i.e. subjective) reality and familiarity human
beings ascribe to them, from early age on (Mandler, 1987,
2004). Connecting curricular (e.g. scientiﬁc) content with a
narrative context (e.g. through NSP) is supposed to transfer
or “inherit” the familiarity of the latter to the former, thus
helping to overcome the well-known cold and impersonal
image of the sciences. While this is a clear and plausible
argument, it has still to be established empirically, whether
NSP (as a particular form of story based context) are really
perceived as motivating by learners.
These general theoretical arguments on the “ﬂavor of
reality” of narrative contexts can be speciﬁed for teaching
and learning based on newspapers in terms of several
important aspects. Rhoades and Rhoades (1980) have drawn
attention to usefulness as an important factor in the
perception of newspapers. This is based on the experience
that newspapers are a major source of information on a
variety of issues of practical life, from serious (job, health
etc.) to more pleasant questions (leisure, fashion, sports
etc.). Again, the perception of usefulness is supposed to be
transferred from newspapers to teaching and learning based
on them. A further potentially important factor emphasized
by Rhoades and Rhoades (1980) is fostering the student's
self-concept as one important component of motivation
(Shavelson et al., 1976; Hattie, 2009) by offering an
opportunity of participation: newspapers enable young
people to engage in conversations with adults (and peers),
thereby opening up communication, the feeling and the
experience of having something to say in various social
contexts – a feature fostering a positive self-concept of
probably anybody, not only of youths. If this turns out to be
true, it would be educationally welcome, as a meta-analysis
on science curriculum development performed by
Shymansky et al. (1983) has shown that science-related
self-concepts are usually hard to improve (positive effects
were found on all 18 investigated outcomes except for self-
concept). Furthermore Hattie (2009) stated that the hard-
est area to change was related to learned attributions (e.g.,
self-efﬁcacy and effort). NSP as a vehicle to support such
change would be a plausible and interesting hypothesis to
be tested.
Finally, a general issue in the context of motivation has to
be addressed. It is a widespread belief in education, that
better motivation will lead to better learning, and this is
also an explicit rationale behind a lot of work on CBSE (see
e.g. Bennett et al., 2007). Generally, however, correlationsbetween motivational and learning measures are lower than
expected, generally around r=0.30 (Uguroglu and Walberg,
1979; Wild et al., 2001). For the PISA study in 2006,
Fensham (2009) even discusses a weak negative correlation
(OECD subsample, r=0.06). With these general ﬁndings, it
is necessary to consider arguments other than correlational
supporting improved learning by NSP, which will be done in
the next section.
Cognition and learning
Regarding cognition and learning, a ﬁrst relevant and well-
established research ﬁnding about narrative contexts is
about improving memory for content. As it is stated e.g.
in the entry on long-term memory of the Encyclopedia of
educational psychology (Salkind, 2008, p. 620, and further
literature cited there), “weaving the events to be remem-
bered into a simple story or narrative is effective“ (Salkind,
2008, p. 860; as a quantitative example for this narrative
embedding, an improvement of accuracy for remembering
world lists by a factor of 7 could be established).
Beyond this general ﬁnding about memory improvement,
a speciﬁc cognitive process was established in the context
of story memory, viz. their organization as “schemata”
(Anderson, 2010). These are considered as “cognitive pat-
terns of domain-speciﬁc information that are used as
templates by individuals to help them explain, interpret,
perceive, encode, and respond to complex tasks and
experiences. […] They create meaning from situations,
data, and events by organizing and determining the pat-
terns in complex sets of information” (Salkind, 2008,
p. 864). An impressive line of research has established
(Rumelhart, 1975; Mandler and Johnson, 1977; Mandler,
1984) that stories are perceived, organized and memorized
as schemata in this sense,1 and they are even seen as
paradigmatic examples, as is supported by the following
statement: “Probably the most powerful general schema
that people anywhere possess is the knowledge of how
stories are organized” (Salkind, 2008, p. 864).
Cognitive schemata in general and narrative schemata in
particular support learning in at least two fundamentally
important ways:(i) by providing a cognitive pattern for the organization
and interpretation of new experiences and of existing
memory content, and(ii) by enabling expectations about things which will or
ought to happen, and similarly for reconstruction (which
is expectation, shifted into the past).Hence, stories and story schemata are offering an impor-
tant way for the construction of meaning, and thus for
meaningful learning (Zabel, 2004, 2007).
As a further point on cognition and learning a very
important problem, common to most forms of context based
learning, has to be addressed, viz. the question of transfer.
In view of the well-known problem of “inert knowledge”
(Renkl et al., 1996), it is not clear that, after having streng-
J. Kuhn, A. Müller8thened the embedding into a context (which by deﬁnition is
at the heart of CBSE), whether the decontextualisation
necessary for transfer is easy to achieve. Transfer is
especially important for the guiding idea of scientiﬁc
literacy, which is behind much of the work on CBSE
(Fensham, 2009; Roberts, 2007), and where linking to some
context is not only a promising instructional approach, but a
main purpose of education. With this tension of context and
decontextualisation, possible difﬁculties with transfer are
of particular concern. Indeed, PISA has found quite salient
difﬁculties of this type (e.g. for German students; see
Baumert et al., 2001). Thus, the question of transfer has
to be kept in mind also when using story contexts.
On the theoretical and empirical basis explained above,
we will now turn to a framework offering detailed design
principles for classroom implementation of context-based
science learning with newspaper story problems.2Actually, this can be seen as origin of the “anchor” metaphor of
AI, which offers a kind of learning which is both motivationally and
cognitively “anchored” in the speciﬁc form of contexts it is
working with.
3Computed by Blumschein (2003, Table 37). Note that the
weighted average of explained variance is not the square of the
weighted average correlation coefﬁcient, or mathematically〈r2〉
a〈r〉2.
4Quantitatively, the decisive factor is the ratio of time of
development to time of instruction for a given medium. A lower
estimate pertinent for the development phase of the Jasper series
is 100, i.e. at least 100 h of development are necessary for one hour
running time of the instruction medium, and this value rapidly
increases with increasing functionality (e.g. degree of interactivity,
reference possibility for background information) to 500 and more
(Brahler et al., 1999). This is far beyond the time budget in schools,
and with (very conservative) 35 USD per development hour also
beyond the money budget (3500 USD per hour of instructional
running time).Anchored instruction and its design principles:
motivation and learning
Probably one of the most developed instructional approaches
to combine a perspective on motivation and learning on the
one hand and narrative contexts as one key feature on the
other, is „Anchored Instruction“ (AI). It is one of the leading
“schools” of Situated Learning (together with ‘Cognitive
Flexibility Theory’, ‘Cognitive Apprenticeship’, and ‘Goal-
Based Scenario’; CTGV, 1990). AI has been developed since
1990 by the ‘Cognition and Technology Group’ in Vanderbilt
(CTGV), led by J.D. Bransford (Bransford et al., 1990;
Bransford and Stein, 1993; CTGV, 1990, 1991, 1992, 1993,
1997). It is it is distinguished (among the other schools of
situated learning), and most close to the present research, by
having the approach of narrative embedding (or contextua-
lization) as one of its fundamental ideas. Moreover, it
developed for this approach a speciﬁc form of instructional
material (“anchor media”) and researched based design
principles, which can be transferred to the instructional
tasks (NSP) investigated in this study. This will be discussed
in the following paragraphs.
The basis of this approach is the conviction that teaching
and learning should be anchored in realistic, motivating
contexts, demanding the solution of authentic, meaningful
problems. The central key to initiate this process are
‘anchor media’ (or ‘anchors’, for short). The original
AI-approach uses interactive multimedia videodiscs, among
which several series were developed for science education
(e.g. the ‘Jasper Woodbury Series’; see CTGV, 1997). Each
series consists of different videodiscs, which lasts 15–20 min
and have to be designed in a speciﬁc way described by the
Vanderbilt group as follows (CTGV, 1993): “The design of
these anchors was quite different from the design of videos
that were typically used in education…our goal was to
create interesting, realistic contexts that encouraged the
active construction of knowledge by learners. Our anchors
were stories rather than lectures and were designed to be
explored by students and teachers”. The anchor character-
istics emphasized here and focused on in the present
contribution are “active construction”, authenticity (“rea-
listic contexts”) and a narrative, motivating embedding(“story character”). A particular strength of Anchored
Instruction and its characteristics is the fact that its idea
of situatedness combines fostering of both cognition and
motivation: appropriate anchor problems can create mean-
ingful contexts, where motivational and cognitive activation
should go hand in hand.2
Indeed, the beneﬁts of AI were shown in more than a
dozen of studies, well summarized in the meta-analysis of
Blumschein (2003). A weighted average of explained var-
iance 〈r2〉E0.14 was found3 (corresponding to an effect
size on the boundary from medium to large, see Cohen,
1988), with values up to r2=0.66 (Bottge et al., 2002) for
solving contextualized problems (a main purpose AI was
invented for). Note, that AI thus offers considerable support
for the theoretical expectation (explained in the preceding
subsection on “Cognition and Learning”), that story con-
texts can foster meaningful learning. Moreover, it does so by
using the “embedding” form of story contexts (mentioned
above), where students are supposed to work and learn with
various problems related to the embedded science content.
AI has thus both sound theoretical and empirical support,
and the NSP approach was strongly inspired by it. Concern-
ing however a broader implementation of its idea, and their
further development in classroom practice, there are some
difﬁculties put forward in particular by both educational
researchers and teachers interested in classroom innova-
tion. A ﬁrst difﬁculty with multimedia anchors is the
considerable amount of time (and money) necessary for
their development, usually far beyond the budgets available
in schools.4 Moreover, in most cases the necessary techno-
logical know-how cannot be assumed to be already present,
which for broad classroom implementation requires even
more unrealistic expenses for training. Two more difﬁculties
teachers are particularly worried about, is the small ﬂex-
ibility of multimedia anchors with respect to curricular and
instructional features, and the large extent to which a
change of the teaching script is required by AI. A given
classroom situation is deﬁned by topics to be covered,
length, complexity (and other features) appropriate for
the particular class being taught and the like, all of which
cannot be easily changed or adapted in videodiscs or other
multimedia software (or only at the expense of the large
investment of resources as already mentioned). Moreover,
9Context-based science education by newspaper story problems: A study on motivation and learning effectsthe very far-reaching change of the teaching script required
by AI is very often not feasible (or desirable) for a given
teacher in a given teaching situation. Thus, anchor media as
they exist are meeting serious obstacles for a successful
implementation in classroom and school reality.
Our study on NSP (and similar “anchor media”, Kuhn,
2010; Kuhn and Müller, 2005a, 2005b; Müller et al., 2010)
was inspired by AI and an attempt to overcome the
difﬁculties of the original approach described above. While
preserving authenticity, ‘story’-character (narrative con-
texts) and student centered activity as design principles,
it aims at an improved applicability to and implementation
in a wider range of realistic educational settings, as text-
based anchors are much easier and less expensive to
develop and to modify than multimedia based anchors.
The advantage of combining the general theoretical frame-
work of narrative contexts, explained above, with design
principles inspired by AI is that the latter already is based on
a considerable body of evidence (see above) and has speciﬁc
design principles to offer. Beyond those already mentioned,
AI (and to a large extent also the present work) is also based
on the following ones (CTGV, 1991)5:
Embedded data: the data necessary to solve a problem
are “embedded” in the story of the learning anchor, and not
given explicitly (as in conventional textbook problems). The
rationale behind this design principle is as follows: (i) it is
true for problems encountered in the real world (daily life,
workplace, genuine research; cf. problem authenticity);
(ii) the “translation” feature (OECD, 2006) is extended by
a feature of “selection” of what is relevant from what is
not (for a given problem), both contributing to cognitive
activation. For these reasons, “embedded data” are con-
sidered as an especially important characteristic of AI.
Related problems (multiple contexts): learning should
provide repeated opportunity and multiple contexts to
acquire new concepts, not merely for the sake of repetition,
but in order to avoid inert knowledge (cf. above); for single
contexts, there is the danger of having the involved
concepts “welded” to them (CTGV, 1991). The number of
related problem stories (anchors) for the acquisition of new
conceptual (and procedural) knowledge thus should be at
least two (for the AI anchors) or more (for the shorter NSP
anchors).
Collaborative learning: small group work, complemented
by whole-class phases, ensures communication and social
embedding considered necessary for active learning (social
context or situatedness); this is also natural and easy to
realize for the NSP approach (and actually a common
element of contemporary science teaching in the authors'
country).
Horizontal (cross-disciplinary) and vertical (cross-grade,
cumulative learning) connections, which again help to
strengthen the perception of relevant contexts and to
overcome inert knowledge: these features also hold for
newspaper story problems: horizontal links are included by
construction, NSP involving links to many other issues, such
as societal, technological, biological, etc.; vertical links are5But beyond merely changing the medium, the present approach
also differs from AI by the extent to which a change of the teaching
script is implied.possible in principle and are taken into account by the
speciﬁc problems posed for a given newspaper article.
Complex Problems and generative learning: for AI, pre-
sentation of the 15–20 min video stories, was followed by a
rather open problem statement in form of a real-life goal.
Students were supposed to ﬁnd (“generate”) themselves the
intermediate, science (or other discipline) related questions
to be solved for this goal, and the entire instructional
setting (long story, embedded data, multistep problems,
generative learning) leads to a rather high complexity.
While this indeed is close to many real-life problem
settings, it entails considerable, at a given learning level
maybe hardly surmountable difﬁculties. In terms of instruc-
tional psychology, there is a dilemma of complexity vs.
cognitive load, which cannot be decided a priori, but
requires empirical investigation. For this purpose, complex-
ity must be variable, necessitating a ﬂexible, easy-to-
change learning anchor (such as NSP). In the present study,
problems were less complex than in AI (but still encompass-
ing transfer and discussion, see the section on problem
levels in “Materials and Methods”). This is close to current
teaching practice, but the entire approach is also appro-
priate for studying variable degrees of complexity (Kuhn,
2007, 2008; Kuhn and Müller, 2006, 2007).
Summing up, the approach presented here is a form of
CBSE based on work on narrative contexts and, regarding its
design principles, more speciﬁcally inspired by Anchored
Instruction. While most of the design features mentioned
above are maintained, the video-based “anchors” of the
original AI approach were of course deliberately replaced by
newspaper story problems.Research questions and hypotheses
In line with existing research described in the preceding
section, the following research questions were examined,
beginning with two questions on general effects: ﬁrst,
whether science learning with newspaper story problems
is more motivating than learning with content-identical,
conventional counterparts. Second, whether it is also more
effective for learning, and to which degree.
Furthermore, whether these general beneﬁcial effects
also cover more speciﬁc aspects, closely connected to the
theoretical background of the approach: third, whether
perceived self-concept (as motivation sub-dimension) can
be improved (because this is a feature of particular
importance to CBSE in general, and NSP in particular).
Fourth, whether the same is true for transfer ability (as
learning sub-dimension, again essential for CBSE and, more
generally, for scientiﬁc literacy).
Finally, there are two questions which are important for
practical implementation (a main objective of the present
study), viz. robustness (with respect cofactors) and stability
(with respect to time): Fifth, to which extent beneﬁcial
effects – if existing – are robust with respect to pertinent
learner and classroom characteristics (such as various aca-
demic achievement levels, gender, school type, and others).
Beyond the practical issue, this is also a relevant conceptual
aspect, as the CBSE in the understanding followed here
should be “relevant to students from diverse backgrounds”
(see Introduction and Glynn and Koballa, 2005). A question
Table 1 Study sample and its partition among different
school types (CG/TG: control/treatment group).
School
year
School type 1 School type 2
school
year 1
1 TG
(N=16; 8 fem.; 8 m.)
1 TG
(N=28; 11 fem.; 17 m.)
1 CG
(N=18; 11 fem.; 7 m.)
1 CG
(N=26; 10 fem.; 16 m.)
school
year 2
1 TG
(N=16; 7 fem.; 9 m.)
1 CG
(N=18; 12 fem.; 6 m.)
J. Kuhn, A. Müller10of particular interest is whether the ﬁnding of gender
independence (Fensham, 2009) can be replicated. Sixth,
whether learners' motivation is temporally stable (at least
at a mid-term range).6
Based on the theoretical framework explained above, our
hypotheses are as follows: (1) Motivation after learning with
newspaper story problems is higher than after learning with
conventional text-book type problems. (2) Achievement
after learning with newspaper story problems is higher than
with conventional text-book type problems. Moreover, these
general beneﬁcial effects hold for (3) self-efﬁcacy and
(4) transfer ability in particular. (5) Finally, if there are
positive effects, they should not be restricted to learners
with speciﬁc features or background.
The remaining research question, viz. temporal stability,
is important for both conceptual and practical reasons
within the CBSE framework, but no speciﬁc hypothesis
seems justiﬁable on theoretical grounds.Materials and methods
Sample, study and teaching procedure
The above research questions and hypotheses were appro-
ached in a quasi-experimental design (motivation: pre-,
post-, follow-up-test; achievement: post-test) with a NSP
learning group (treatment group, TG) vs. conventional
learning problem group (control group, CG) looking for
motivation, learning (achievement) and possible interac-
tions (see following sections) on the individual and class-
room level. Note that the two groups were different in
arrangement and layout of the instructional material (news-
paper vs. textbook, style, cf. Fig. 1a vs. b), but identical in
their lesson plan, learning content and problems to be
solved, and taught by the same teacher (“pair classes”).
The investigation was conducted in three pairs of school
classes in different school types (ST) of secondary level I,
two pair-classes in school type 1 and one pair-class in school
type 2 (see Table 1). In the three-level system of German
secondary education, school type 1 corresponds to the
medium educational level (“Realschule”, roughly compar-
able to a British comprehensive school), school type 2 to the
highest educational level (“Gymnasium”, roughly analogous
to a British grammar school on secondary level I, and
continuing with secondary level II).7 These schools were
part of a larger cooperation network (Kuhn, 2007, 2008,
2010; Kuhn and Müller, 2007; Kuhn et al., 2008), involving
beyond our physics education research group about 40
physics teachers in 15 schools, the latter being actively
involved in it by the validation of the instructional material
(see below).6Of course, the same question holds for learning. As positive
effects for learning usually are more difﬁcult to achieve than for
motivation, the present study tried to establish ﬁrst whether there
is a learning effect at all. Due to classroom restrictions, the
question of sustainability had to be restricted to motivation, but
ongoing work will extend it to learning (Kuhn, 2010; Kuhn and
Müller, in preparation).
7See the “TIMSS encyclopedia” (Mullis et al., 2008) for more
details concerning the German school system.In total, the tested sample included 122 tenth graders at
the age of 15 to 17 with a mean of 16.2 years, 60 students in
TG (43% female; 57% male) and 62 students in CG (53%
female; 47% male). The age group in the sample is a
consequence of German curriculum standards, according
to which the topic ‘electrical energy’ is supposed to be
taught in grades 10 of German secondary schools. Before
treatment, measures of non-verbal – especially logical –
intelligence and reading comprehension as well as a pre-test
of motivation (MOT1-PRE) were obtained. In the following
three weeks of instruction, the two groups worked on
different worksheets containing problems about ‘electrical
energy’ (two physics lessons per week in each group).
Problem content, quantity (12 problems per group) and
difﬁculty in the two conditions were identical. After the last
worksheet, the students completed a motivation test
(MOT2-POST), which was followed by an achievement test.
Seven weeks after ﬁnishing the following topic, a follow-up
motivation test (MOT3-FUP) was conducted to study the
long term effect of the treatment6. All these measures were
obtained by published and standardized instruments, with
the exception of the achievement test based on topic
related, curriculary valid questions (see section “Materials
and Instruments”). The achievement test was also used for
grading, in order to keep study related reductions of
available teaching time low.
The study design is presented in Table 2.Instructional material (worksheets)
Worksheets included tasks for practice and knowledge
transfer in the pertinent subject matter (energy). Each
Worksheet consisted of four tasks with different sub-tasks.
The ﬁrst worksheet dealt with the topics “Electrical
Energy”. “Electrical Power”, “Energy Costs” and with the
calculation of these quantities. While the second worksheet
calculated the possibilities and limitations of wind energy
and atomic energy, the last sheet focused on the discussion
of different kinds of energy saving.
In all, students worked on 12 tasks during treatment. The
degree of difﬁculty corresponded to the degree of difﬁculty
of the achievement test. Students worked on the work-
sheets in groups of two or three. Content and difﬁculty of
the worksheet tasks in the two groups were identical, the
Table 2 Study and teaching procedure.
Week Control group (CG) Treatment group (TG)
1 Tests of non-verbal intelligence and
reading comprehension
Tests of non-verbal intelligence and
reading comprehension
Motivation pre-test (MOT1-PRE) Motivation pre-test (MOT1-PRE)
2
Traditional problems concerning
‘electrical energy’
Worksheet 1
Newspaper-problems concerning
‘electrical energy’
Worksheet 1
3 Worksheet 2 Worksheet 2
4 Worksheet 3 Worksheet 3
5
Immediate motivation test (MOT2-POST) Immediate motivation test (MOT2-POST)
Achievement test Achievement test
6…13 Traditional education of a new topic
14 Follow-up motivation test (MOT3-FUP) Follow-up motivation test (MOT3-FUP)
Table 3a Competence levels according to PISA
(Baumert et al., 2002); problems requiring transfer are
level III and above. In the NSP study, problems up to level
IV were included.
I: reproduction of simple factual knowledge
II: simple application (mainly using layman concepts)
III: application (using scientiﬁc concepts for prediction &
explanation)
IV: conceptual and procedural understanding (using
elaborated scientiﬁc concepts and procedures for
prediction & explanation)
(V: conceptual and procedural understanding on high
level: using scientiﬁc models and procedures for
differentiated prediction, explanation and analysis)
Table 3b Pisa competence levels of the different items
in the achievement post-test and corresponding rating
consistency.
Problem-no. PISA competence level Cohen's Kappa κ
1 I 0.89
2 II 0.84
3 III 0.82
4 III 0.82
5 IV 0.78
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the basis text from the tasks in the CG (language style,
layout, see Fig. 1).
Finally, the curricular validity of the work sheets was
established within the above-mentioned physics education
cooperation network; only worksheets with satisfying inter-
rater agreement (as measured by Cohen's Kappa (κC; Cohen,
1960; Landis and Koch, 1977) were retained (κC=0.74–0.91;
Kuhn, 2010). For the learning and assessment problems, see
the corresponding section below.
Instruments
Motivation measures
Repeated measures of motivation were conducted with an
instrument well established in the in the literature on
science motivation (adapted from Hoffmann et al., 1997;
total Cronbach's α=0.89) with the following subscales:
intrinsic motivation (IM; twelve items; Cronbach's
α=0.74), classroom climate (CC; ten items; Cronbach's
α=0.75) and self-concept (SC; seven items; Cronbach's
α=0.82). Individual test scores (‘degree of motivation’ in
each subscale) were calculated as the percentage relative
to the maximum degree of agreement. The measurement
was repeated by the same instrument before, immediatelyafter and seven weeks after treatment (pre/post/follow-up
test, MOT1-PRE, MOT2-POST, MOT3-FUP).
Problem difﬁculty levels and achievement measures
Problems (questions), both for learning worksheets and
assessment were discussed and selected according to curri-
cular validity within the physics education network. Com-
petence levels associated with the problems were then
operationalized according to the PISA levels (see Table 3a
and Baumert et al., 2002). Moreover, these levels were
assessed by an expert rating (again with the participating
group, other physics teachers and physics education lec-
turers). Only items with satisfactory rating consistency of
curricular validity and level were retained (as measured
by κC, see Table 3b).
Achievement after treatment (referring to the subject
matter electrical energy) was tested with a written test
encompassing ﬁve different problems, with difﬁculties
similar to those of the worksheets of the training period
(see below). Three of these ﬁve problems (3, 4, 5)
corresponded to the PISA competence levels (PCL) III and
IV, involving transfer (application as well as conceptual and
procedural scientiﬁc understanding used for prediction &
explanation), the others to the level I and II (see Table 3b).
The format of the problems in the achievement test was
conventional for both groups (i.e. not newspaper problems),
both for reasons of fairness towards the CG (as the test was
also used for grading, see “study and teaching procedure”
above) and of avoiding bias towards TG. For the same
reasons, no items concerning critical reading/thinking
J. Kuhn, A. Müller12were included at this stage of the study. As the content of
this intervention (subject matter “energy”) had not been
executed in one of the lessons or school years before this
study, it was completely new and unknown for the students.
So we did the intervention without an achievement pre-
test. Instead of this prior achievement in physics was
assessed as average grade level (average marks in written
physics tests) of each student in ﬁrst six months of the
running school term (before the intervention) and was
included as an important covariate (see below) to adjust
the achievement measures to the students' prior knowledge
in physics.Covariates
Prior achievement in physics was assessed as average grade
level (average marks8 in written physics tests) of each
student in ﬁrst six months of the running school term
(before the intervention). Reading comprehension and
non-verbal intelligence were assessed by standardized mea-
sures and taken into account as covariates, too.9 The
instrument for reading comprehension (Lang et al., 2004)
was developed as part of a test battery for career counsel-
ing for pupils of the age group of secondary level I (which is
considered here), with the reading items focussing on active
processing (12 items), and validated within a large sample
(N=2556, Cronbach's α=0.84). The instrument of non-
verbal intelligence (Kornmann and Horn, 2001) was devel-
oped as part of a educational screening/counseling battery,
with items based on the Figure Reasoning Test (FRT) (25
items) and also validated within a large sample (N=4319,
Cronbach's α=0.81).
Together with gender, these measures allowed to control
for and analyze possible inﬂuences of learner features on
the effects of the intervention. Moreover, School Type (ST)
was included as covariate, due to the general educational
level coming along with it.Methods of analysis
According to the variable plan and the quasi-experimental
design described above, ANOVA and ANCOVA were applied as
relevant methods (using SPSS in version 22).
Motivation and achievement in physics served as depen-
dent variables, while group membership, school type and
gender served as independent variables as well as non-
verbal intelligence, reading comprehension and pre-test
physics achievement served as covariates.
The reported measure of effect size is omega squared (ω2),
i.e. the population estimate of (total) explained variance,
with the usual size categorization (see Cohen,1988: small
effects: 0.01oω2o0.06; medium effects: 0.06rω2o0.14;
large effects: 0.14rω2).8The German school grading system has marks from 1 (‘very good’
resp. A) up to 6 (‘insufﬁcient’ resp. F).
9In this study the test results on reading comprehension and non-
verbal intelligence were measured as percentage of correct
responses relative to the maximum possible value.Results
Pre-test comparisons
A 2 2-analysis of variance (ANOVA) was carried out using
‘prior achievement level in physics’, ‘non-verbal intelligence’
and ‘reading comprehension’ as dependent variables and
group membership and school type as independent variables
(descriptive data: see Table 4). Whereas the groups did not
differ in any pre-test variables, the factor ‘school type’ had a
signiﬁcant but small inﬂuence on non-verbal intelligence
(F(1, 118)=5.6; po0.05; ω2=0.04) and – much stronger –
on reading comprehension (F(1, 118)=20.6; po0.01;
ω2=0.14) before the intervention. This fact was not surpris-
ing: because education level in school type 2 is generally
signiﬁcantly more demanding (see PISA-Konsortium Deutsch-
land, 2008), students in this school type are strongly
expected to have higher reading comprehension and non-
verbal intelligence. For this reason, the covariates in ques-
tion had to be taken into account.
Furthermore, there was a small, but signiﬁcant interac-
tion of group membership and school type for motivation
(total: F(1, 118)=6.8; po0.05; ω2=0.05; “classroom
climate” (CC): F(1, 118)=4.8; po0.05; ω2=0.04; and
“self-concept” (SC): F(1, 118)=6.3; po0.05; ω2=0.06).
In school type (ST) 1, measures of classroom climate (CC),
self-concept (SC) and motivation in total were higher in the
TG than in the CG. In contrast, the same measures were
lower in the TG than in the CG in ST 2 (see Table 4).Achievement: post-test analysis
After treatment subject speciﬁc physics achievement was
tested with the same instrument in both groups. A 2 2 2-
analysis of covariance (ANCOVA) was carried out with
achievement as dependent variable (post-test according to
the section “Problem difﬁculty levels and achievement
measures”, analyzed both in total and for its sub-tasks
according to different PISA-competence levels separately),
group membership, school type and gender as independent
variables as well as non-verbal intelligence, reading com-
prehension and prior achievement in physics as covariates
(see Table 5 for descriptive data).
The analysis (see Table 6) shows that group membership
had signiﬁcant and medium size (Problem 2: F(1, 111)
=12.5; po0.01; ω2=0.10) up to large effects (Problem 3:
F(1, 111)=22.5; po0.01; ω2=0.16; Problem 5: F(1, 111)
=36.0; po0.01; ω2=0.23) on the achievement measures
(total: F(1, 111)=29.3; po0.01; ω2=0.20). Note that the
largest values were obtained for problems with competence
levels above III (see Table 3a), which, according to their deﬁn-
ition involve transfer of knowledge (Baumert et al., 2002).
Prior achievement in physics had signiﬁcant but small
inﬂuence on Problem 2 (F(1, 111)=6.6; po0.05; ω2=0.05)
and Problem 4 (F(1, 111)=4.6; po0.05; ω2=0.04), a large
inﬂuence on Problem 3 (F(1, 111)=29.8; po0.01; ω2=0.32)
and a medium size effect in total (F(1, 111)=19.5; po0.01;
ω2=0.12).
For school type, gender and the remaining covariates
neither any main effect nor any interaction with group
membership were found to be signiﬁcant.
Table 4 Pre-treatment descriptive data (means (M) and standard deviations (SD)) in the different intervention groups and
school types.
Total (N=122) ST1 ST2
CG (N=62) TG (N=60) CG (N=36) TG (N=32) Total
(N=68)
CG (N=26) TG (N=28) Total
(N=54)
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Covariates
Non-verbal intelligence 79.2 (12.1) 76.9 (11.8) 76.4 (12.1) 74.9 (10.5) 75.8 (11.3) 82.9 (13.4) 79.0 (12.9) 80.9 (13.3)
Reading comprehension 75.1 (17.3) 71.3 (17.1) 68.8 (16.8) 66.7 (19.1) 67.8 (17.8) 85.3 (12.9) 76.5 (12.8) 80.7 (13.5)
Prior achievement in
physics
73.9 (14.6) 73.0 (12.3) 73.1 (10.7) 71.9 (9.6) 72.5 (10.1) 74.9 (18.9) 74.3 (14.8) 74.6 (16.8)
Pre-test-data of motivation
MOT1-PRE, total 51.8 (12.2) 53.7 (12.9) 50.1 (9.5) 57.3 (11.9) 53.5 (11.2) 54.2 (15.2) 49.7 (12.9) 51.9 (14.1)
CC 57.2 (13.4) 57.8 (12.9) 54.6 (11.9) 59.7 (12.3) 56.9 (12.2) 60.8 (14.7) 55.6 (13.4) 58.1 (14.2)
SC 54.5 (14.7) 54.4 (14.7) 52.4 (13.1) 58.1(10.1) 55.1 (12.0) 57.6 (16.4) 50.1 (17.9) 53.7 (17.4)
IM 47.7 (13.1) 50.4 (13.5) 46.9 (10.9) 53.7 (14.4) 50.1 (13.0) 48.8 (15.8) 46.5 (11.3) 47.6 (13.6)
Note: ST1/2: lower/higher educational level (“Realschule/Gymnasium”, see Table 1 and sect. "Material and methods"), CC=classroom
climate, SC=self-concept, and IM= intrinsic motivation.
Table 5 Post-test descriptive data (means (M) and standard deviations (SD)) of achievement in the different groups and
school types.
Total (N=122) ST1 ST2
CG (N=62) TG (N=60) CG (N=36) TG (N=32) Total (N=68) CG (N=26) TG (N=28) Total (N=54)
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
T1 (PCL I) 86.5 (21.8) 91.9 (15.8) 82.8 (25.8) 93.2 (13.9) 87.7 (21.5) 91.7 (13.5) 90.5 (17.8) 91.1 (15.8)
T2 (PCL II) 75.0 (30.7) 90.6 (20.0) 66.7 (33.4) 92.6 (14.5) 78.8 (31.7) 86.5 (22.3) 88.4 (24.9) 87.5 (23.5)
T3aa (PCL III) 61.1 (39.1) 82.4 (29.1) 61.1 (39.1) 82.4 (29.1) 71.1 (36.1) – – –
T4 (PCL III) 61.3 (40.0) 75.2 (38.1) 50.7 (38.8) 76.2 (35.9) 62.7 (39.4) 75.9 (37.6) 74.1 (41.1) 75.0 (39.1)
T5 (PCL IV) 43.3 (24.7) 68.1 (24.6) 42.4 (23.6) 66.0 (24.5) 53.5 (26.6) 44.5 (26.6) 70.5 (24.9) 57.9 (28.7)
Total 61.1 (20.8) 78.6 (18.7) 56.4 (21.9) 78.8 (17.6) 66.9 (22.8) 67.5 (15.7) 78.3 (20.2) 73.1 (18.8)
Note: ST1/2: lower/higher educational level (“Realschule/Gymnasium”, see Table 1 and sect. "Material and methods"), Tx=sub-item x
of the achievement test; PCL=PISA competence level.
aItem 3 in school type 2 was not taken into account due to incompatible instruction (teacher facilitated solution by giving additional
information).
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the course of time
Motivation was analyzed in a repeated measures design and
ANCOVA with treatment groups (group membership (GM) vs.
school type (ST) and gender (GR)) as between subjects
factors and time of measurement (pre-, post- and follow-
up-test; MOT1-PRE vs. MOT2-POST vs. MOT3-FUP) as a
within subject factor. Non-verbal intelligence, reading
comprehension and prior achievement in physics were
used as covariates (see Tables 4 and 7 for descriptive data
on MOT1-PRE and MOT2-POST as well as MOT3-FUP,
respectively).
Between subject effects (Table 8a): signiﬁcant and –
without exception – large main effects of treatment group
were found for overall motivation and all its subscales(classroom climate CC: F(1, 111)=119.6; po0.01; ω2=0.45;
self-concept SC: F(1, 111)=109.8; po0.01; ω2=0.48; intrin-
sic motivation in general IM: F(1, 111)=92.2; po0.01;
ω2=0.44; total: F(1, 111)=125.7; po0.01; ω2=0.52).
Signiﬁcant but small up to medium sized effects were
obtained for interactions of group membership with school
type (GM ST; CC: F(1, 111)=7.4; po0.05; ω2=0.06; total:
F(1, 111)=5.8; po0.05; ω2=0.04) and with gender
(GMGR; total: F(1, 111)=4.9; po0.01; ω2=0.04) for
some subscales and in total measurement of motivation.
Also the interaction of group membership with school type
and gender became signiﬁcant but only with small up to
medium effects on two of three subscales and on total
motivation measurement (GM STGR; CC: F(1, 111)=7.9;
po0.05; ω2=0.07; IM: F(1, 111)=10.3; po0.01; ω2=0.08;
total: F(1, 111)=6.0; po0.05; ω2=0.05).
Table 6 Post-test comparisons and interactions of achievement between group, school type and covariates: F-values
(ANCOVA) and effect sizes (ω2).
df Problem 1
(PCL I)
Problem 2
(PCL II)
Problem 3
(PCL III)
Problem 4
(PCL III)
Problem 5
(PCL IV)
Total
F (ω2) F (ω2) F (ω2) F (ω2) F (ω2) F (ω2)
Main effects
Group membership (GM) 1 2.9 (0.02) 12.5nn (0.10) 12.8nn (0.16) 2.9 (0.02) 36.0nn (0.23) 29.3nn (0.20)
School type (ST) 1 0.0 (0.00) 0.4 (0.00) –a 2.1 (0.02) 0.1 (0.00) 0.2 (0.00)
Gender (GR) 1 0.3 (0.00) 1.2 (0.01) –a 1.9 (0.02) 0.4 (0.00) 0.0 (0.00)
GM ST 1 2.3 (0.02) 4.3 (0.05) –a 4.0 (0.03) 0.3 (0.00) 2.4 (0.02)
GMGR 1 2.0 (0.02) 2.4 (0.02) –a 1.3 (0.02) 2.8 (0.03) 3.0 (0.03)
STGR 1 3.1 (0.03) 2.5 (0.02) –a 1.9 (0.02) 3.7 (0.03) 2.9 (0.03)
GM STGR 1 0.3 (0.00) 0.5 (0.00) –a 1.1 (0.01) 0.0 (0.00) 0.2 (0.00)
Covariates
Prior achievement 1 3.3 (0.03) 6.6n (0.05) 29.8nn (0.32) 4.6n (0.04) 1.3 (0.01) 19.5nn (0.12)
Non-verbal intelligence 1 0.1 (0.00) 0.1 (0.00) 0.1 (0.00) 0.1 (0.00) 1.5 (0.01) 0.5 (0.00)
Reading comprehension 1 2.3 (0.02) 3.6 (0.03) 1.7 (0.02) 0.0 (0.00) 3.1 (0.02) 3.1 (0.02)
Error 111
Note: PCL=PISA competence level.
npo0.05.
nnpo0.01.
aItem 3 in school type 2 was not taken into account due to incompatible instruction (teacher facilitated solution by giving additional
information).
Table 7 Repeated measures descriptive data (means (M) and standard deviations (SD)) of motivation in the different
intervention groups and school types for post- and follow-up-test, respectively (MOT2-POST, MOT3-FUP; for MOT1-PRE see
Table 4).
Total (N=122) ST1 ST2
CG (N=62) TG (N=60) CG (N=36) TG (N=32) Total (N=68) CG (N=26) TG (N=28) Total (N=54)
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Motivation post-test (MOT2-POST)
CC 40.4 (9.7) 71.6 (11.6) 42.3 (11.4) 71.9 (12.3) 56.2 (18.9) 37.6 (5.7) 71.32 (10.9) 55.1 (19.1)
SC 38.7 (11.7) 64.7 (10.4) 41.9 (12.7) 64.9 (10.4) 52.8 (16.3) 34.1 (8.5) 64.42 (10.6) 49.8 (18.1)
IM 36.0 (8.6) 63.1 (11.9) 38.9 (8.5) 64.7 (12.9) 51.1 (16.8) 31.9 (7.0) 61.39 (10.7) 47.2 (17.4)
Total 38.5 (8.8) 65.9 (10.2) 41.4 (9.5) 67.1 (11.0) 53.5 (16.5) 34.6 (5.9) 64.61 (9.3) 50.1 (17.1)
Motivation follow-up test (MOT3-FUP)
CC 48.7 (14.6) 69.3 (12.6) 42.0 (8.7) 71.4 (14.2) 55.8 (18.7) 57.9 (16.1) 66.9 (10.4) 62.6 (14.0)
SC 41.8 (13.6) 63.6 (13.4) 36.3 (8.3) 62.9 (14.2) 48.8 (17.5) 49.4 (15.8) 64.6 (12.5) 57.3 (15.9)
IM 40.9 (13.1) 61.2 (14.0) 37.8 (9.6) 63.8 (16.5) 50.0 (18.6) 45.3 (16.0) 58.3 (10.0) 52.1 (14.7)
Total 43.2 (12.5) 64.1 (12.1) 38.3 (7.6) 65.8 (14.1) 51.2 (17.7) 49.9 (14.9) 62.2 (9.2) 56.3 (13.6)
Note: ST1/2: lower/higher educational level (“Realschule/Gymnasium”, see Table 1 and sect. "Material and methods"), CC=classroom
climate, SC=self-concept, and IM= intrinsic motivation in general.
J. Kuhn, A. Müller14As for covariate inﬂuences, a signiﬁcant medium resp.
large inﬂuence of ‘prior achievement in physics’ on two of
three subscales of motivation was obtained, viz. classroom
climate (CC: F(1, 111)=9.7; po0.05; ω2=0.08;) resp. self-
concept (SC: F(1, 111)=27.1; po0.01; ω2=0.19;), as wellas a signiﬁcant medium effect on total motivation (F(1, 111)
=9.9; po0.05; ω2=0.08;).
No signiﬁcant main effect of school type and of gender
neither on motivation in total nor on any of its subscales was
found. The same holds for the rest of the covariates.
Table 8a Time course (repeated measures) comparisons and interactions of motivation between group, school type and
covariates: F-values (ANCOVA) and effect sizes (ω2) for between subject effects.
df CC SC IM Total
F (ω2) F (ω2) F (ω2) F (ω2)
Between subjects
Main effects
Group membership (GM) 1 119.6nn (0.45) 109.8nn (0.48) 92.2nn (0.44) 125.7nn (0.52)
School type (ST) 1 0.0 (0.00) 0.3 (0.00) 3.2 (0.03) 1.7 (0.01)
Gender (GR) 1 4.0 (0.03) 3.9 (0.03) 4.2 (0.03) 4.1 (0.03)
GM ST 1 7.4n (0.06) 3.1 (0.03) 2.7 (0.02) 5.8n (0.04)
GMGR 1 3.1 (0.03) 2.9 (0.03) 4.0 (0.03) 4.9n (0.04)
STGR 1 0.4 (0.00) 0.5 (0.00) 0.1 (0.00) 0.4 (0.00)
GM STGR 1 7.9n (0.07) 3.1 (0.03) 10.3nn (0.08) 6.0n (0.05)
Covariate
Prior achievement in physics (PA) 1 9.7n (0.08) 27.1nn (0.19) 1.7 (0.01) 9.9n (0.08)
Non-verbal intelligence (NV) 1 1.6 (0.01) 0.2 (0.02) 2.6 (0.02) 2.8 (0.02)
Reading comprehension (RC) 1 0.1 (0.00) 0.4 (0.00) 0.1 (0.00) 0.8 (0.00)
Error 111
Note: CC=classroom climate, SC=self-concept, IM= intrinsic motivation in general, PA=prior achievement in physics, NV=non-verbal
intelligence, and RC=reading comprehension.
npo0.05.
nnpo0.01.
Table 8b Time course (repeated measures) comparisons and interactions of motivation between group, school type and
covariates: F-values (ANCOVA) and effect sizes (ω2) for within subject effects.
df CC SC IM Total
F (ω2) F (ω2) F (ω2) F (ω2)
Within subjects
Main effects
Time course (TC) 2 0.3 (0.00) 1.2 (0.10) 0.2 (0.00) 0.2 (0.00)
TCGM 2 79.1nn (0.40) 59.2nn (0.34) 57.1nn (0.33) 75.8nn (0.39)
TC ST 2 6.1n (0.05) 11.2nn (0.09) 3.0 (0.02) 8.1nn (0.06)
TCGR 2 0.0 (0.00) 1.6 (0.01) 1.3 (0.01) 0.1 (0.00)
TCGM ST 2 12.7nn (0.09) 9.8nn (0.07) 6.9n (0.05) 11.9nn (0.09)
TCGMGR 2 0.3 (0.00) 0.9 (0.01) 0.8 (0.01) 0.7 (0.01)
TC STGR 2 0.2 (0.00) 0.5 (0.00) 0.5 (0.00) 0.5 (0.00)
TCGM ST GR 2 6.3n (0.5) 4.0n (0.4) 3.6n (0.04) 5.9n (0.05)
Covariate
TC PA 2 2.1 (0.02) 0.7 (0.01) 3.5 (0.03) 2.3 (0.02)
TCNV 2 1.5 (0.01) 0.1 (0.00) 0.6 (0.01) 0.5 (0.00)
TCRC 2 0.7 (0.01) 0.9 (0.01) 0.0 (0.00) 0.5 (0.01)
Error 222
Note: CC=classroom climate, SC=self-concept, IM= intrinsic motivation in general, GM=group membership, ST=school type, and
GR=gender.
npo0.05.
nnpo0.01.
15Context-based science education by newspaper story problems: A study on motivation and learning effectsWithin subject effects (Table 8b): both total motivation
and all its subscales showed signiﬁcant and strong interac-
tion of their temporal development (or time course, TC)
with group membership (CC: F(2, 222)=79.1; po0.01;
ω2=0.40; SC: F(2, 222)=59.2; po0.01; ω2=0.34; IM: F(2,222)=57.1; po0.01; ω2=0.33; total: F(2, 222)=75.8;
po0.01; ω2=0.39). Signiﬁcant, but only small up to medium
main effects on motivation in total and on two of three
subscales were found for the interaction “time course vs.
school type” (CC: F(2, 222)=6.1; po0.05; ω2=0.05; SC: F
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Fig. 2 Time course of motivation (total) in the NSP group and
control group (TG and CG, respectively).
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Fig. 3 Time course of motivation (total) in the NSP group and
control group as analyzed for school type 1 (lower educational
level; Realschule; TG and CG, respectively).
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Fig. 4 Time course of motivation (total) in the NSP group and
control group as analyzed for school type 2 (higher educational
level; Gymnasium; TG and CG, respectively).
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Finally, signiﬁcant small up to medium size effects were
found for the threefold TCGM ST interaction as well
as the fourfold TCGM STGR interaction on each
sub-dimension and motivation in total (TCGM ST; CC:
F(2, 222)=12.7; po0.01; ω2=0.09; SC: F(2, 222)=9.8;
po0.01; ω2=0.07; IM: F(2, 222)=3.6; po0.05; ω2=0.04;
total: F(2, 222)=5.9; po0.05; ω2=0.05; for TCGM
STGR interaction: see Table 8b).
Thus motivation developed differently in time for differ-
ent treatment groups and school types. in particular, the
strongest signiﬁcant interaction characterized by large
effects on each subscales and motivation in total was found
for the TCGM interaction. As inspection of the time
course (Fig. 2) clearly shows, the TCGM interaction
obviously is due to large differences between treatment
and control group in development from before to after
intervention (and not a possible difference afterwards, i.e.
from post to follow-up test). Thus, the results of the
temporal development of motivation within subjects is
consistent with the between subjects main effect of group
membership on motivation. The inﬂuences of the threefold
and the fourfold factor-interaction on each sub-dimension
and motivation in total mean, that the positive motivation
development of TG compared to CG was different for both
school types ST1/2 considered (as clearly visible when
comparing Figs. 3 and 4). This might be due to chance,
but a plausible explanation is as follows: in school type 1
(“Realschule”) grade 10, where the instruction took part, is
the last year in school; a general drop of motivation towards
the very end of the schooling period is a well-known
experience of many partitioners supported by the data
(Fig. 3, CG curve). This factor does not exist for school
type 2 (“Gymnasium”, Fig. 4), hence the difference found.
No inﬂuence of gender or of any interaction of gender and
other factors neither on motivation in total nor on subscales
could be discovered. The holds true for the inﬂuence of all
other learner covariates considered.
Discussion
With regard to the hypotheses and research questions of this
study, the results can be interpreted as follows:
Motivation differences between groups: the motivation
in the treatment group (learning with newspaper storyproblems) led to a very considerable improvement of
motivation compared to a control group (learning with
problems without narrative context, but with identical
content). Effects were throughout statistically very highly
signiﬁcant and of very large effect sizes for all motivations
subscales (CC: ω2=0.45; SC: ω2=0.48; MI: ω2=0.44; total:
ω2=0.52; these are the values averaged over post and
follow up test). Note that the largest effect was found for
self-concept, a motivation component where NSP can be
theoretically expected to be particularly helpful. These
ﬁndings support hypotheses 1 and 3.
Achievement: learning in the treatment group was con-
siderably enhanced when compared to the control group.
Effects are statistically at least very signiﬁcant, and effect
sizes generally large (total: ω2=0.20). Thus, NSP lead to
improved learning with an effect size of considerable
practical importance. This holds in particular also for more
demanding items, assessing (among other) students' transfer
abilities. These ﬁndings support hypotheses 2 and 4.
Time course of motivation/temporal stability of effects
(repeated measures; see Fig. 2): In the treatment group,
motivation increased most signiﬁcantly (compared to initial
state) and lasted for several months, whereas the motiva-
tion in the control group decreased after treatment and
stayed low for the following months. This different tem-
poral development of motivation in TG compared to CG was
17Context-based science education by newspaper story problems: A study on motivation and learning effectsmost signiﬁcant and of very large effect size (CC: ω2=0.40;
SC: ω2=0.34; IM: ω2=0.33; total: ω2=0.39). Thus, the
narrative contexts of NSP lead to an improved motivation
when compared to the initial state, showing (at least)
medium-term stability. These results answer the research
question 6 (where no hypothesis was made) in the posi-
tive sense.
Inﬂuences of prior knowledge in physics, non-verbal
intelligence, reading comprehension, gender and school-
type: while prior knowledge had a signiﬁcant (positive)
inﬂuence on the achievement and motivation (as expected),
there was no interaction with treatment group. Thus, the
NSP approach does not privilege students with higher prior
knowledge more than traditional instruction. No inﬂuences
of non-verbal intelligence and reading comprehension were
found on any component of motivation nor on achievement
(both in total or for any of its sub-items), and the same
holds true for gender main effects or interaction with group
membership. Moreover, overall size and stability of motiva-
tion could be replicated in each school type, showing no
interaction with motivation, (except for a small interaction
effect with the time course of motivation, favouring school
type 2; see end of the results section “Motivation: within
and between subjects-results in the course of time” for a
possible explanation). So the effects do not depend on the
general educational level coming along with school type,
either. These ﬁndings support our hypotheses 5: the bene-
ﬁcial effects for both motivation and learning do not (or
weakly) depend on learner characteristics (such as aca-
demic level) nor on classroom/school characteristics (such
as school type and others). In particular, the gender
independence stated by Fensham (2009) for story contexts
could be replicated.
In summary, the hypotheses put forward for newspaper
story problems as speciﬁc form of CBSE are supported by the
data: the intervention led to both improved motivation in
general, and self-concept in particular, as well as to
improved learning in general, and transfer in particular
with most effect sizes being large (medium in some cases).
As for the remaining research questions, motivation gains
lasted at least for several months (sustainability), and the
beneﬁcial effects result held regardless of various class and
learner characteristics, such as general education/school
level, gender, various aspects of ability, and others)
(robustness).
Furthermore, note a number of methodological exhorta-
tions put forward by recent reviews (Bennett et al., 2007;
Taasoobshirazi and Carr, 2008), and being relevant for the
present research. First, we took several measures to mini-
mize teacher inﬂuence: treatment and control pair classes
were taught by the same teachers. These had not partici-
pated in the development of the instructional material, in
order to minimize a possible identiﬁcation with the new
approach. Furthermore, the active learning phase proper
was independent work by the pupils, covering 3/4 of
available instruction time, where the teachers did almost
not intervene at all (or to a negligible extent). While these
measures do not allow for a complete control of teacher
inﬂuences, they represent a step forward in the sense of
the above-mentioned exhortations, and are compatible with
the practical limitations of the real-life classroom teaching
the study was embedded in. Second, the importance ofconsidering possible inﬂuences of student's characteristics
(e.g. gender, ability) and prerequisites (e.g. reading
comprehension) has been repeatedly stressed (for CBSE:
see e.g. Bennett et al., 2007; more generally: Seidel and
Shavelson, 2007). Moreover, Taasoobshirazi and Carr (2008)
conclude their review on context based physics education
stating frequent methodological problems such as lack of
pretests, control groups, and of measures of learning (even
though being a central goal of context based approaches),
leaving the number of studies in compliance with these
requirements very low, and consequently with an urgent
need of more work of this kind. Following closely these
exhortations, we believe to have contributed to the kind of
research required by these reviews, by carrying out a quasi-
experimental design including motivation and learning
measures, accounting for the pre-instruction state of affairs
and a number of other pertinent classroom and student
inﬂuences, but still remaining in accordance with practical
classroom requirements as well.Conclusions and outlook
The present contribution combines “good practice” reports
on the promising use of newspaper story problems in science
(and mathematics) education with empirical research,
based on a theoretical background on context based learn-
ing with an emphasis on narrative contexts on the one hand,
and design principles inspired by anchored instruction on
the other.
This approach was investigated in a quasi-experimental
study (on energy and energy transformations in German
10th grade classes) with a number of control measures:
same teacher in treatment and control group, identical
learning sequence and learning tasks (up to their funda-
mental format, viz. newspaper vs. conventional format),
consideration of potentially inﬂuential cofactors and cov-
ariates. Instructional material and classroom setting (time
course, form of student activity) in both groups were tested
for curricular validity in a physics education cooperation
network, involving more than 40 teachers from various
backgrounds of secondary level in the study country.
Under the double constraints of classroom practice and
educational research, the ﬁndings of the study contribute to
the questions raised e.g. in the research synthesis of
Bennett et al. (2007): as main or general effects, newspaper
story problems led to improved motivation and learning,
including transfer, with effect sizes between medium and
large (motivation (total): ω2=0.52; learning/achievement
(total): ω2=0.20; transfer (average): ω2=0.14). As for
possible differential effects, such as possibly different out-
comes for girls and boys or students of different ability, no
(or weak) inﬂuences of this kind could be found. This means
in particular that the absolute level of understanding
attained by the low ability group being less than that of
high ability group, as might be expected, their gain when
learning with NSP (instead with conventional problems)
turned out to be the same. Moreover, an interesting ﬁnding,
viz. the gender neutrality found in PISA and supposedly
attributed to story contexts (Fensham, 2009) could be
replicated. Another issue of particular interest for science
literacy (almost by its deﬁnition) is transfer of learning;
J. Kuhn, A. Müller18here too, considerable beneﬁts through learning with news-
paper story problems have been found.
In view of much more far reaching changes of the
teaching script by various forms of CBSE (as described in
Bennett et al. (2007), such as the STS approach of the Iowa
project (Yager and Weld, 1999) or Anchored Instruction
(CTGV, 1992; CTGV, 1997) possible doubts regarding more
restricted approaches such as NSP may arise, and concerns
about limitations of its beneﬁts are of particular interest,
such as small size and short temporal duration of possible
effects as well as too narrow a restriction of student groups
proﬁting from them. At least for these three kinds of
limitations (for others, see below), the results of the study
are encouraging: ﬁrst, effects sizes for motivation and
learning are of practical importance (see above); second,
these beneﬁts are robust with respect to a number of a
priori important inﬂuences (non-verbal intelligence, reading
comprehension and school type, i.e. general education
level); third, motivation is stable at least in medium term
(four months).
To our mind, the NSP approach with its double roots in
context based science learning and design principles
inspired by Anchored Instruction has shown its raison d´être
in that it shows useful beneﬁts, and it does so with a
classroom setting and learning media which are inexpensive
in time and money, ﬂexible and easy to modify, thus
meeting important demands of practitioners. We will now
turn to some implications and perspectives for both future
research and classroom practice.Implications for future research
Guided by the above-mentioned exhortations (Bennett
et al., 2007; Seidel and Shavelson, 2007; Taasoobshirazi
and Carr, 2008), the following research questions should be
further examined in the theoretical and methodological
framework of the present study:1. To investigate further generalizability and ﬂexibility as
essential features of classroom implementation, research
will be expanded to other populations (e.g. age groups,
school types and educational levels) and subject matters
(in physics and other sciences). In particular, the applic-
ability of the approach for students with low educational
level deserves further attention. In the present
study, medium academic level schools within the three-
level system of German secondary education were
included, and no inﬂuence of general or disciplinary
level (regarded as covariates) was found. But there is
a 3rd school type (“Hauptschule”) with generally
lowest academic level and socio-cultural background,
and where the applicability of the approach will be
investigated, too.2. In addition to Newspaper story problems, different types
of context-oriented learning problems with narrative
embedding should be studied (e.g. design variants with
and without pictures, advertisements, etc.), combining
them also with other ways of establishing contexts
(visual, hands-on activity, etc.).
The didactical ﬂexibility and variability of the NSP-
approach is a prerequisite for two further researchquestions, requiring context based instructional materi-
als and settings which can easily be changed also with
respect to the following characteristics:3. How do different degrees of openness of the newspaper
story problems inﬂuence achievement and motivation?
First attempts of operationalisation of the degree of
openness of problems do exist (Baumert, 1996; Mehlhorn
and Mehlhorn, 1979) and have been applied to news-
paper story problems (Kuhn, 2007, 2008; Kuhn and
Müller, 2006, 2007).4. It is well established that too complex and demanding
task requirements reduce learning success or prevent it
altogether (cognitive load theory, Sweller et al., 1990).
On the other hand, features of situated learning like real
life ‘complexity’ obviously lead to highly demanding
tasks. Consequently, further research should try to
answer the following research question: how does com-
plexity and cognitive load entailed by various contexts
affect motivation and learning?Moreover, the following issue is of considerable theore-
tical and practical interest: a factor common to many
context based approaches is “authenticity” and relatedness
to real life. It is quite current in CBSE to consider
“authenticity” as so essential for “context”, that the two
form a kind of natural unit, such that the combined terms
“authentic contexts” often occur almost inseparately (see
e.g. in science education Schwartz et al., 2004; Aikenhead,
2006; PISA-Konsortium Deutschland, 2008; in general edu-
cation Vosniadou, 2001; Herrington and Herrington, 2006;
Sawyer, 2009). But it is authenticity for the learner, which
is the crucial point, i.e. her or his subjective perception,
not authenticity for the teacher nor researcher. For a better
understanding, which factor might make a particular form
of CBSE more successful than another, one thus needs
(among other things) an instrument to assess perceived
authenticity as manipulation check. Development of such an
instrument is under way in our working group (Kuhn and
Müller, in preparation), and it will allow to analyze NSP as
well as other context based approaches more in detail.
Finally, we turn to the following two types of possible
limitations. First, as for educational characteristics, future
research (and its applications) on important issues such as
complexity and openness (see above) might by facilitated by
the NSP realization of context based learning and its
ﬂexibility; This, in turn, might eventually lead to an
improved understanding of macro approaches, rather than
representing a limitation. Second, we again consider possi-
ble limitations of educational objectives. Beyond those
mentioned above, and turning out not to occur for NSP
(small, narrow, and short term effects only), there is an
important limitation, which actually is at work in the
present study and its results. It is about higher order
competences like critical thinking in general and critical
reading of science related media reports in particular
(Norris and Phillips, 1994, 2003; Millar and Osborne, 1998;
Wellington and Osborne, 2001; McClune and Jarman, 2010).
The same is true for still more general higher order
competences, such as problem solving, awareness of the
decisive importance of “science and society” issues, and,
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sense of scientiﬁc literacy. While these educational aims are
obviously important, they are not easy to assess. The main
objective of the present work was to establish, whether NSP
have enough effectiveness to be of practical importance,
which seems to us an important issue, too, looking at the
generally quite small, zero or even negative effect sizes
reported for existing CBSE interventions (Bennett et al.,
2007; Taasoobshirazi and Carr, 2008). Given this state of
affairs, and the restrictions of the practical classroom
conditions (above all, allocated time), it was neither
feasible nor appropriate to include assessment of these
competences in the present study. Taking it now, however,
as starting point, with increased conﬁdence in the basic
effectiveness, it is possible and important to go beyond this
limitation. Thus, beyond an assessment of perceived
authenticity (see above), also assessment for higher-order
competences has to be included in future research, drawing
on existing work (such as for critical thinking, see e.g.
Scriven and Fisher, 1997).
Implications and further perspectives for classroom
practice
The entire rationale for the present study is an attempt to
bring together the advantages of narrative contexts and of
essential design principles of anchored instruction (such as
authentic problems and embedded data) with features as
availability, practicability and ﬂexibility put forward by
teachers as classrooms practitioners of CBSE. The results
show, that using the NSP intervention in everyday physics
lessons can contribute to an affectively and cognitively
stimulating teaching and it does so:– with an amount of cost and effort well within the usual
possibilities of teachers and schools and– in a broad variety of conditions, both on the individual
(in particular, for both genders) and superordinate levels
(in particular, when used by different teachers), and
easily adaptable to a given classroom situation.
We thus consider it as an encouraging way for teachers of
pursuing the CBSE line of thought, combining it with good
practice evidence and adaptable it to their own needs.
While this perception by classroom practitioners could be
empirically conﬁrmed among the teachers involved in the
development and implementation of this study (Kuhn, 2010;
Kuhn et al., 2008), the broadening of its range of applica-
tion to other science education topics (e.g. chemistry) and
similar learning media (e.g. problems based on advertise-
ments) is an obvious generalization which was proposed to
us by many teachers (see also section above). Several ideas
of this kind were already tried out and investigated within
the classroom research and development network estab-
lished since the beginning of the research project (Kuhn,
2005, 2010; Kuhn et al., 2010; Kuhn and Müller, in
preparation).
We consider this line of thought as important in order to
increase further the applicability and practicability of the NSP
approach, combine in with other instructional approaches, and,when pursued further, to modify and broaden also future
research directions. Thus, implications and perspectives for
classroom practice are in close connection with implications for
future investigations (points 1 and 2 above). The same holds for
the research agenda concerning openness and complexity,
which are obviously also relevant for classroom implementa-
tion. This contribution should in no way be read as a pleading
for an exclusively NSP-based curriculum, in view of the
limitations of the study (such as duration and educational
objectives considered), and because teaching and learning live
on a variety of methods. But, concluding with Fensham (2009)
we feel “that ‘Science as a Story’ need to become a quite
central pedagogy in science teaching”, and that newspaper
story problems might offer a useful contribution to that
purpose.
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